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Abstract 
 
Transnet Freight Rail (TFR) is transitioning from its current Market Demand Strategy to an 
Industry 4.0 strategy deemed Transnet 4.0. In the context of Industry 4.0, South Africa is 
considered underprepared with the potential of advancing or the risk of falling behind. To avoid 
falling behind, South Africa must improve on its weakness, inclusive of lack of skilled labour.   
Research revealed that the current work force must acquire new sets of skills to operate effectively 
in Industry 4.0. Furthermore, the view of the humans as receivers of information must be changed 
to that of creators, collectors and users of data 
The purpose of this study was to: (a) examine the awareness of Industry 4.0 within TFR 
environment and (b) identify the perceived impact of Industry 4.0 on the skills and development 
of TFR employees. The study utilised a survey questionnaire as the primary source of collecting 
data. The survey questionnaire was facilitated to a 100 TFR employees.   
Statistical analysis of the data indicated that the majority of the respondents are aware of the basic 
concepts of Industry 4.0. Though encouraging, the overall picture revealed that the respondents 
are only familiar with the basic concepts of Industry 4.0. The results indicated Industry 4.0 
concepts such as Cyber Physical System, Cyber Human Systems, additive manufacturing, and 
augmented reality are less understood.  Furthermore, the study suggests that lack of training and 
shortage of skilled labour as major challenges that will hinder the embracement of Industry 4.0.  
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1. Chapter 1: Introduction 
Transnet Freight Rail (TFR) is a traditional railway organisation that currently operates with 
minimal technology and a high workforce. TFR is the biggest division of Transnet, with 
approximately 31000 employees [1]. As a State-Owned Company (SOC), TFR has to meet its 
public objective of reducing unemployment and inequality in South Africa while operating at 
world class standards. To accelerate growth, TFR is transitioning from its current Market Demand 
Strategy (MDS) to operate in the context of Industry 4.0 (Transnet 4.0). In the realm of Transnet 
4.0, the organisation aims to digitalise and mobilise its services to become more competitive with 
“customer centric end-to-end freight solutions” [1].  
Industry 4.0 comes with modern technologies, such as “big data and advanced analytics, the 
internet of things, digital modelling, and artificial intelligence” [2] [3]. There is great potential in 
the railway industry to increase reliability, availability, maintainability and safety through 
digitalisation and smart infrastructure [4] [5] [6]. There is no limit on the possibilities that will be 
presented by Industry 4.0 to the future South African railways. Industry 4.0 in the context of 
railways entails intelligent infrastructure and remote monitoring. However, there is global 
objection on the potential loss in man-power to the ever-growing technological advantage [3]. 
This research aims to examine the awareness of Industry 4.0 within the Transnet Freight Rail 
(TFR) railway environment. Furthermore, this research aims to identify the perceived impact of 
Industry 4.0 on the skills and development of Transnet Freight Rail employees.  
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1.1.  Problem statement  
TFR aims to meet its public objectives of reducing unemployment and inequality while operating 
in the content of the fourth Industrial Revolution. The current operating condition at Transnet 
includes traditional methods of providing high-end quality services at lower and competitive costs 
[6]. This traditional method of providing service has enabled TFR to acquire a reputable work 
force made up of 31 000 employees capable of understanding and optimising its resources at the 
current operating conditions [1]. The majority of the work force focuses on transportation of goods, 
maintaining and monitoring of infrastructure, fault finding and providing of diagnosis. In addition, 
Transnet contracts small and medium companies to provide services to the organisation. This 
enables small, medium and black owned companies to be inclusive and participate in the South 
African economy.   
According to TK Sung [3], components that operate in the context of Industry 4.0 will be capable 
of self-monitoring and fault diagnosis. Furthermore, the author argues that the components and 
systems will provide management with more insight by gaining self-awareness and self-
productiveness. Communication of like-to-like components in the context of internet of things will 
enable comparison and sharing of information from various components across the network and 
activate maintenance accordingly.  
The transition from the traditional system to Industrial 4.0 will require investment into new 
technologies. Kunze [2] indicates that workers would have to acquire new set of skills to operate 
and maintain the modern technologies. The introduction of Industry 4.0 will result in customer-
oriented manufacturing and machines that are independent entities which will collect data and self-
customise to satisfy the customer’s needs [2]. The recent and most public encounter of technology 
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and traditional method of service is evident in the rise of smart applications for transportations and 
cryptocurrencies and its impact on the economy and traditional systems. The advancement of 
technology and its changes has raised many questions with critics arguing the major loss of jobs 
as the ultimate aftermath. However, research indicates that technology will result in economic 
growth, thus increasing the workloads and ultimately increase work opportunities [7]. 
1.2. Purpose of the study 
The primary focus of the study is to examine the awareness of Industry 4.0 within TFR. The study 
further aims to identify the percieved impact of Industry 4.0 on skills and development of TFR 
employees.   
1.3. Study objectives  
a. To examine the awareness of Industry 4.0 within the TFR railway environment.  
b. To identify the perceived impact of Industry 4.0 on the skills and development of TFR railway 
employees.   
 
1.4. Research question  
a. What is the awareness of Industry 4.0 within TFR?    
b. What is the perceived impacts Industry 4.0 will have on the skills and development of  railway 
employees in TFR? 
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1.5.  The scope  
The study examined the awareness and perceived impact of Industry 4.0 on the South African 
railway industry.  The study and its results are limited to TFR’s railway background and must not 
be generalised nationally or globally. The study was affected by TFR’s technology limitations, 
employee background, and available data.       
1.6. Study Rationale 
In the wake of the big data and information of things, TFR is implementing its version of Industry 
4.0.  There is knowledge to suggest the displacement of skilled employees in railways to automated 
and IT-controlled processes [3]. Automation anxiety within the engineering profession has resulted 
in misguided perceptions about Industry 4.0 [3]. There are no studies that suggest the set of skills 
that are required for railway employees to learn to equip themselves for Industry 4.0. Furthermore, 
new educational systems to produce the required professionals to operate in the context of Industry 
4.0 have not been identified and developed. Furthermore, there is not enough research on the 
misconception of the threat of technological unemployment within the South African railway 
industry. This study aims to add knowledge on the existing research and reduce technological 
myths across the railway industry. In particular this study aims to examine the awareness of 
Industry 4.0 and the perceived impact on the railway industry.      
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1.7. Assumptions  
The author assumes that the knowledge and information obtained through this research would 
contribute to designing the required work structure for employees to operate effectively in the 
realm of Industry 4.0. The research is a starting journey in identifying the required set of skills to 
assist new, current and old employees to prepare for the transition. Furthermore, this research will 
give insights into the knowledge TFR employees possess.  
1.8. Conclusion 
This study is essential not only to equip the decision makers with a holistic view of Industry 4.0 
and its current perception and perceived impact, but it will enable informed strategies towards 
tackling the age-old question of technology versus humans. This section of the report outlined and 
justified the purpose of the study, research questions, study objectives, scope and rationale. The 
subsequent section (chapter 2) will source and present accredited literature relating to the study 
objectives within the spectrum of Industry 4.0.    
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2. Chapter 2: Literature Review  
2.1. Introduction  
It is said that revolutions seem impossible at the beginning but are inevitable after they have 
occurred [8]. Various scholars agree on the concept and definition of the term ”Industry 4.0” as 
the next level of computerising, digitising, and organising in the manufacturing sector [7] [9] [10].  
According to [9] [11] the term Industry 4.0 refers to the fourth Industrial Revolution, with the third 
coming to an end. Sung [7] argued that the term Industry 4.0 and the fourth Industrial Revolution 
is not interchangeable as the earlier focused primarily on digitisation of manufacturing inclusive 
of human-machine systems and the latter has an ambiguous meaning that is up for “academic 
debate”. In this research, the term Industry 4.0 will be used to represent the evolution of technology 
and its perceived impact on the human force. The benefits of previous industrial revolutions were 
realised later after implementation. With the fourth Industrial Revolution, the world has the 
opportunity to proactively shape its transformation and impact thereof [12].  
The concern that technology (machines and robotics) will dominate the manufacturing industry 
from “unreliable humans” can be traced back to the early rise of machines back in the 1970s and 
1980s. Although automation in the 1980s resulted in loss of jobs for numerous minimum wage 
labourers, ultimately more opportunities emerged [13]. Several studies [13] [12] indicate that 
activities that are difficult to computerise are those that the human force perform naturally. 
However, more effort is required to effectively “plug and play” the human force into activities that 
are inherent in Industry 4.0 and its Internet of Things (IoT) and people.  
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Although it is widely agreed that the workers whose daily duties are repetitive and routine are most 
likely to be replaced by machines and or computers [7] [10] [11] [13]. It was found that inevitable 
loss of jobs for traditional labourers will be substituted by the demand for field engineers, data 
scientists, mechanical engineers and other skilled personnel, resulting in a small net gain in 
employment rates [13].  
Throughout the three industrial revolutions, technology, company structures and processes have 
been enhanced, but the human-worker has little or no advancement [8]. There is a need to focus 
on the refinement of the workforce’s education and skills to meet the Industry’s future 
requirements [19]. In this chapter, a detailed definition and overview of Industry 4.0 and its origin, 
significance, current perception, impact on the work force, and challenges will be outlined. In 
addition, this chapter will focus on the skills and academic qualifications required in Industry 4.0.   
      
2.2. Industry 4.0: Origin, definition and significance  
2.2.1. The Industrial Revolution  
Innovation and technological changes in past decades have resulted in paradigm shifts referred to 
as industrial revolutions [14]. The transformation of manufacturing can be traced back from the 
early 1800s to the alluring Industry 4.0 as illustrated in figure 1 [14] [15].   
Benesovaa [14] illustrated that the first Industrial Revolution was effected by changes in 
mechanisation and mechanical power in the 1800s. This enabled the move from manual labour to 
a manufacturing process and ultimately led to an improvement in the quality of life. The 1900s 
saw the rise of electrical energy giving birth to the second Industrial Revolution. In this context, 
8 
 
mass production was accomplished, however with no customisation to suit the customer’s needs.  
Electronics and automation in the 1960s gave rise to the third Industrial Revolution. This 
introduced programmable machines in flexible production lines capable of producing variety of 
products for the customer [14] [12]. However, the third Industrial Revolution doesn’t have 
flexibility to produce specific customer-based products at the same production costs [12].  
 
 
Figure 1: Industrial revolutions – timeline 
The second and third Industrial Revolutions led to complex automatic and sustainable 
manufacturing processes throughout the years. Thus, the current global competitive, fast-paced 
and customer-oriented market requiring major development in manufacturing technologies gave 
rise to the fourth Industrial Revolution or Industry 4.0 [12]. As such, research illustrates that the 
Industry 4.0 is a product of various technological advancements that have emerged in previous 
years inclusive of; big data production, progression in analytics, new advancements in CHS, and 
advancements in transformation of data to useful and targetable results that is referred to as “rapid 
prototyping” [13]. 
1st 
Industryrevolution  
• 1800s
• Water and steam power 
engines 
2nd 
Industryrevolution  
• 1900s
• Mass Production 
(electrification)
3rd 
Industryrevolution  
• 1960s
• Using Digitalisation, 
electronics for 
Automation 
4th 
Industryrevolution  
• Today 
• Using IoT, CPS for smart 
manufacturing
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Almost at an instant, traditional manufacturing has become outdated with the advent of Industry 
4.0.  Within the realm of Industry 4.0, the culture of uncertainty regarding customers, inventory, 
maintenance requirements, losses and the like will be replaced by the ability to use information to 
gain actual knowledge and business insights [16]. 
 
2.2.2. Industry 4.0 and its 9 Pillars 
The term Industry 4.0 stems from the German Federal Government during the promotion of 
“computerisation of manufacturing”: as the intensive use of Cyber Physical Production System 
(CPPS) to automate the exchange of information to meet production and business objectives. [11] 
[12] [13] [15] [17]. Since its introduction by the German government in 2011, the concept of 
Industry 4.0 has been embraced by most government-led initiatives around the globe. In 2012 the 
concept of Industrial Internet was introduced to the world by a North American company, General 
Electric. This concept embodied the integration of the physical and digital world through data 
analytics and Internet of Things (IoT). Similarly, France introduced the concept “Industrie du 
future” based on five pillars aimed at the integration of manufacturing and science. In 2015, the 
China Ministry of Industry and Information Technology coined the term “Made in China 2025” 
aimed at applying Germany’s Industrial 4.0 to meet China’s industrial and manufacturing needs. 
According to Motyla [17] Industry 4.0 is a revolution that brings upon the rise of Cyber Physical 
Systems (CPS) and the use of “smart networks” and IoT operating in smart factories. Scholars [10] 
[12] [17] illustrated that smart factories are capable of improving production efficiency and 
manufacturing smart products that are focused on the intended use and are customer orientated. 
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Numerous studies, [8] [12] identified similar aspects of Industry 4.0 and its applications. Rojko 
[12] identified three vital aspects of Industry 4.0 as: (1) “execution system” and its application of 
concepts of CPS and industrial IoT, (2) the decentralisation and integration of manufacturing and 
business processes and finally, (3) the transformation of big data to useful industrial information. 
Sung [3] identified four factors that drive Industry 4.0 as: (1) the rise in data, (2) computational 
power, (3) business-intelligence and (4) emerging systems of human-machine interaction.  
Karre [8] argued that Industry 4.0 not only embraces all the above concepts through its 9 pillars, 
but it continues to integrate them into a whole system in a much more involved manner than 
singular components. The authors argue that manufacturers must consider each individual’s 
technological advancement or system as a piece of a bigger system of systems (SOS) [8] [9]. The 
9 pillars of Industry 4.0 are the means to evolve from the current isolated production flow to a 
“fully integrated, automated, and optimised production flow”. The following are the 9 pillars: [7] 
[9] [17] 
 Big Data and Analytics  
 Autonomous Robots  
 Simulation  
 System Integration 
 The Industrial internet of things (IoT) 
 Cyber security and Cyber Physical Systems (CPS)  
 The Cloud  
 Additive Manufacturing   
 Augmented Reality  
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2.2.3. South Africa in Industry 4.0. 
In the context of Industry 4.0, Germany is asserting itself as the global leader, with subsequent 
stages as High Potentials, Followers or Legacy Champions [2]. According to the World Economic 
Forum, global leaders are characterised by a strong manufacturing base and are readily positioned 
for the future; whiles followers are characterised by limited current manufacturing base and not 
ready for Industry 4.0 [2]. 
In this context, South Africa is positioned as a follower and deemed underprepared, with the 
potential of advancing or the risk of slipping. To advance, South Africa must focus on its strength, 
which incorporates a strong, established and diversified manufacturing sector of 13% towards the 
Gross Domestic Product (GDP). To avoid slipping, the country must improve on its weakness 
which includes lack of skilled labour. Furthermore, in order to fully embrace Industry 4.0, South 
Africa must prepare its human capital, as the consequence of not achieving such will result in 
market loss to foreign competitors and ultimately job losses [2]. 
The South African manufacturing competitiveness was ranked number 27, with an index of 48.1 
in 2016. Iyer [14] illustrated that the South African index score is projected to grow slightly to 
49.3, rank 25, by 2020. This illustrates that the country’s manufacturing sector is currently 
operating at the second and third Industrial Recovolution levels, evidently from the lack of 
Information and Communication Technology (ICT), manual inputs and lack of manufacturing 
integration [2]. 
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2.2.4. The significance of Industry 4.0 
The need to transform the current machines and processes to improve manufacturing and reach 
customer-oriented objectives prompted the need for Industry 4.0. Industry 4.0 will enable 
companies to fulfill customer needs through improved management, research and development, 
utilisation and recycling. Rojko [12] agree that Industry 4.0 will enhance the possibilities of 
increased profit as it could result in 10-30% decrease in production and logistic costs coupled with 
10-20% decrease in quality measurement costs [12]. 
Gilchrist [19] visualised Industry 4.0 as a concept that will integrate itself with the horizontal value 
chain to provide significant improvements inclusive of, but not limited to increased: 
competitiveness, productivity, revenue, employment opportunity and development of exponential 
technology. Rojko [12] suggested that the advantages of Industry 4.0 will include shorter 
marketing time, increased custom mass production, effective usage of resources (natural and 
energy) and hospitable working environments to name but just a few. 
The implementation of Industry 4.0 will result in “smart factories” where machine-machine, 
human-machine and or human-human systems and work flows will be connected and controlled, 
through intelligent networks and the use of CPS, CHS and IoT [7] [14]. These systems will be 
capable of predicting failure, trigger maintenance and react to unforeseen changes. Industry 4.0 
will result in what is deemed as “calm-systems” that will operate behind the scenes to effortlessly 
coordinate the physical world and the cyber world. In this context, the machine will not only be 
capable of self–optimisation, self-cognition and self-customisation to satisfy customer-oriented 
manufacturing needs, but the machines will be aware of their surrounding and environment [7]. 
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2.3. The Human role in Industry 4.0  
Scholars [10] [13] concluded that while Industry 4.0 is a transition to the digital world, history 
demonstrates that it does not imply reduction in workforce or downsizing, however it “holds other 
possibilities”.   
An industry investigation undertaken by leading manufacturing companies focusing on students’ 
awareness and perception of Industry 4.0, concluded that people are the main key asset of Industry 
4.0 as they are the critical components of the Industrial Revolution [17]. Academic research further 
indicates that the human work force has solidified itself over time to be manufacturing’s most 
flexible system. In the context of Industry 4.0 and its smart factories, the human element plays a 
vital role of connecting customers to smart technologies and ensuring smooth operations of 
production lines. As such, people, predominately technicians, inspectors, data analysts, 
management etc. are as important as the smart machinery [10] [13].  
At this stage, the human role within Industry 4.0 and its intelligent Cyber-Physical System (CPS) 
is not clearly defined [10]. Krugh [10] argue that just as manufacturing technology is transformed 
to deal with the high complexity required under Industry 4.0, so to, should the human capacity. 
Limitation of the human capacity must be challenged with the view of humans as receivers of 
information be changed to; creators, collectors and users of data information. To achieve this, 
integrated Cyber-Human System (CHS) or Cyber Physical System (CPS) must unite human 
capabilities with new technologies and information  
The 5C elements illustrated by Figure 2 were incorporated in Table 1 to illustrate the 
implementation complexity and level of mechanism. The first column represents the Cyber Human 
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System (CHS), with the third column representing the Cyber Physical System (CPS) as illustrated. 
The complexity or difficulty increases from bottom to top.  
 
Figure 2: The role of humans in CHS and CPS within the 5C 
At the smart connection level, research indicates that mechanising and programing machines 
requires less legal, ethical, and emotional requirements than mechanising humans. At the 
conversion level, CPS machines measure and monitors the deviation from safe limits and respond 
by indicating the remaining life. However, the inherent qualities of the human workers enable them 
to assess, diagnose, advice, prevent unsafe usage and identify non-value added activities. At the 
cyber level, the human is able to use historical data generated by CPS to generate future predictions 
and recommendations back to the human worker for adjustment. The cognition the human is 
capable of in integrating the mechanised components into systems, and systems of systems (SOS) 
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at an expected level should be borne in mind.  Finally, at the cognitive level, the human acts as the 
supervisory level to ensure creativeness and give necessary feedback to adopt and take action [10].  
Table 1: The role of the humans in CHS and CPS within the 5C elements 
Cyber Human Systems 5C Cyber Physical Systems 
Self-configure for resilience Configuration Level  Self-configure for flexibility 
Remote visualisation for 
humans  
Cognitive level Visualisation and 
understanding 
Recognition of patterns and 
classes  
Cyber Level Clustering for similarities in 
data 
Analytics for human readiness  Data-to-information 
conversion level  
Smart analysis 
Plug and play people Smart connection level Plug and play 
   
2.4. From Education 3.0 to Education 4.0   
In Industry 4.0 and its smart technologies, minimum entry level and requirements for skills and 
education will be higher than current levels [14]. Banesovaa [14] argued that the education system 
will transform from Education 3.0 to Education 4.0. Education 3.0 is said to have evolved from 
the raise of mass user generated internet, giving students free access to information. In the realm 
of Education 4.0, education will not be centered on the classroom, however real and virtual worlds 
will combine to induce teaching in or outside the classroom. This will result in the use of virtual 
resources, enhancement of higher education and implementation of augmented reality to identify 
just a few elements [14].  
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Scholars [14] [17] continued to emphasise that a partnership between the Industry and higher 
educational institutions is essential to alter education, training and continued professional 
development to meet industrial needs. Motyla [17] identified the “Academy Cube” initiative and 
the “eSkills for jobs” as two existing initiatives that aim to close the gap between the industry and 
academics.    
 The three Industrial Revolutions preceding the fourth Industrial Revolution influenced 
manufacturing inclusive of labour market and educational systems resulting in loss or 
disappearance of some professions [14]. The author argued that the emerging technologies within 
Industry 4.0 will have an effect on the human worker and the education thereof. Thus, the role of 
the human worker is essential for the success of smart factories. As such, companies should focus 
on acquiring and retaining qualified human work force through human resource management and 
development, not only through selection and staffing, but resource development through education 
and training of employees.    
2.4.1. Skills and qualifications  
It is apparent that the current work forces will need to acquire new sets of skills to operate in the 
context of Industry 4.0 [10] [14] [17]. The implementation of Industry 4.0 will result in the 
introduction of new Information Technology based systems more so in the early phases of 
implementation. Although Information Technology is deemed the key, the current qualifications 
and skills in the field will need to be adapted to meet business requirements. In addition to 
introducing IT intakes, companies will have to introduce production job to maintain the systems.   
There is little knowledge and research within the engineering field that focuses on how the industry 
and education needs are changing. Motyla [17] conducted a questionnaire aimed to investigate 
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issues regarding Industry 4.0 that would gauge the student’s digital behaviours to see if the students 
are ready for Industry 4.0. The authors aimed to investigate the skills and expertise required for 
young engineers to be ready for Industry 4.0.   
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Table 2: Authors and their suggested job titles and skills/qualifications 
Author/s (year, page) Job title/s  Skill/s or Qualification/s  
A Benesova, J Tupa (2017, 
2196-2201) 
Information Specialist, PLP and robot 
programmer, software engineer, data 
analysis, cyber security, automation 
technician, manufacturing engineer, 
production technician  
Language skills, Reliability, 
Problem solving, analytical, 
autonomy, responsibility, 
knowledge of required standards,  
B Motyl, G Baronio (2017, 
1501-1509) 
Mechanical Engineer  
Higher mathematical knowledge, 
design skills, specific software 
knowledge, computer 
programming, information 
processing  
A Iyer (20 Data analyst 
Computer-savvy factory workers, 
agile managers  
P Fantini, M Pinzone (2018) 
 Engineers, operations managers, 
factory designers, work designers  
Situation awareness, decision 
making, task execution, reporting, 
decision making, planning and 
organising, Observing and 
gathering data, checking and 
examining, innovation and 
invention  
S Fernandez-Miranda (2017, 
1229-1236) 
Engineers  
Industrial control systems, 
Microelectronics, System 
Software, Application software, 
System integration 
 
It should be identified what specific and easy to teach, scientific and technical skills related to the 
core hard and soft skills a qualified personnel has received. This entails defining and measuring 
hard skills that engineering managers and specialists have gained. Such hard skills for engineering 
personnel include some, if not all, of the following skills “mathematical, design and problem-
solving skills, investigating, experimental, information processing, computer programming and 
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specific software skills” [17]. Soft skills of an engineering personnel include “strong analytical 
thinking, working with teams, communication and leadership skills. Table 2 above outlines a 
summary of various authors and their suggestions for the required job titles and corresponding or 
relevant skills and qualifications [17]. Evidently, there is consensus regarding engineering hard 
skills and interpersonal skills.  
According to Motyla, people interact with the virtual world through their preferred digital devices 
such as laptops or desktops and smartphones followed by video games consoles. Furthermore, the 
survey highlighted a change in digital habits as students live more on the internet’s virtual world 
[17]. Furthermore, research focusing on the “knowledge and perception” of people in the context 
of Industry 4.0 showed that people are familiar with the concept of virtual, followed by augmented 
reality, but have little knowledge regarding mixed reality and rapid prototyping. 
2.5. Company awareness and Industry 4.0 implementation 
The introduction and complexity of Industry 4.0 got many executives, directors of large 
corporations puzzled on which data problem to begin with and which areas to digitise. Most 
companies are faced with the doubting questions of identifying which technologies would deliver 
the most returns on investment, and which technologies will not [7]. The author argued that 
companies should become early adopters and begin to consider Industry 4.0 and its technologies 
to plan future objectives and maximise on opportunities.  
2.5.1. Industry 4.0 Implementation: 
The implementation of Industry 4.0 will happen in a gradual change through various phases [14]. 
Benesovaa [14] identified four basic phases that indicates the levels of implementing Industry 4.0.  
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From these implementation stages, it is possible for companies to identify at what stage they are 
in and what jobs are required. A company can assess what systems are missing in their strategies 
and implement as such. The following is a summary of literature explaining company strategies 
and implementation of Industry 4.0 phases: [14] 
Phase zero: This phase is deemed as the “Paper and pen data collection”. This is the entry level of 
Industry 4.0 for companies that that does not have information systems that indicates the basic 
business performances or indicators.  
Phase one is said to be the “digital representation of factory in real time” [14]. In this phase, 
companies will require process engineers to record and digitalise data. This will enable the 
company to create process maps that corresponds with the reality of the company’s requirements. 
This phase includes cloud system engineers as well as IT server hardware and software 
maintenance personnel.   
Phase two: The second phase is the “horizontal integration” that aims to introduce reengineering 
of company processes through the introduction of new automated machines. The introduction of 
new machines necessitates investments for retraining of current workers to become relevant in the 
company.  
Sung [7] identified “data analysis of vertical integration” as the third phase. This phase involves 
the deployment of complex data processing techniques to analyse data from the first and second 
phase. As data analysis is a very specialised and complex field, it is not feasible to train current 
workers. However, research indicates that the need for data analysts has outgrown the rate at which 
the education system is producing them. Companies will need to outsource or acquire data analysts 
that specialise in their field of production or business. The final phase of implementing Industry 
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4.0 is “self-controlling manufacturing and logistics” [7]. At this phase the benefits of autonomous 
processes will be realised. Companies at this phase will achieve maximum productivity with 
optimised manufacturing. Only qualified and trained workers from maintenance workers, data 
analysts, process engineers, quality controllers, etc. will be required [7]. 
2.6. Challenges  
There are various economic and social effects that must be recognised from the implementation of 
Industry 4.0 [2] [7]. The impact of the Industry 4.0 on various aspects inclusive of civil society, 
governance, human identity and various aspects must be studied in the future. [10] These 
challenges will affect the private and public sector. The prominent challenges of Industry 4.0 range 
from cyber security, integration of production problems, to lack of skills, and loss of jobs [9]. 
Challenges that arise through the implementation of the basic elements of Industry 4.0 include the 
realisation of the lack of or inadequate computer skills and the average age of the employees [14]. 
Karre [8] identified growing concerns over issues surrounding security, trust and clear data 
ownership.    
2.7. Conclusion  
The primary focus of this chapter was to source accredited literature relating to the study objectives 
within the spectrum of Industry 4.0. When discussing the exciting transition to the digital world, 
all too often the human role is left out. In the advent of Industry 4.0, the interaction of human with 
the Cyber Physical Systems is currently unclear. Literature illustrated that over time, the human 
work force has solidified itself to be manufacturing’s most flexible system. The current view of 
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humans as receivers of information must be changed to that of creators, collectors and users of 
data. 
The transition to the digital world does not suggest reduction in employment rates but yields more 
possibilities. History demonstrates that Industry 4.0 will not only change the economic ingredients, 
but will increase it exponentially, resulting in more opportunities. Academia must collaborate with 
the industry to identify emerging digital skills in the spectrum of Industry 4.0. These include basic 
digital knowledge for the workforce to become digitally literate and complex specific skills 
associated with the development of programmes and new technologies as well as products and 
customer oriented services must be identified.   
Most companies are faced with the doubting questions of identifying which technologies would 
deliver the most returns on investment and which technologies will not. To avoid market loss and 
the risk of not participating in the global economy, South Africa must prepare its human capital 
accordingly. This includes defining employees’ roles and responsibilities and the interaction of the 
human capacity with the cyber world.   
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3. Chapter 3: Research Methodology  
3.1.  Introduction  
The creation and documentation of academic knowledge is primarily dependent on specific 
techniques and methods used in “collecting, analysing, interpreting, and disseminating data” [18] 
[19]. This section of the report will demonstrate the various steps undertaken to conduct a survey 
questionnaire as the primary element of collecting data with no telephonic or personal interviews 
conducted. Through the survey questionnaire this research aims to apply scientific research 
techniques to answer the research objectives, namely: 
 To examine the awareness of Industry 4.0 within the TFR railway environment.  
 To identify the perceived impact of Industry 4.0 on the skills and development of TFR railway 
employees.  
 
3.2. Type of Research  
Kothari [18] defines research as a scientific and systematic investigation to gain new knowledge. 
Forza [20] suggests that research can be utilised to solve complex existing issues. Much like the 
transitioning from the third Industrial Revolution to Industry 4.0, research enables the movement 
from the known to the unknown. Research can be categorised into applied or fundamental research 
[20]. The aim of applied research is to discover a solution for a pressing problem concerning 
industrials or society. Research that aims to gather knowledge to formulate theories are deemed 
fundamental research [18].  
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The various types of research commonly identified by various scholars can be summarised into 
quantitative and qualitative research [18]. Quantitative research is concerned with measurements 
of amount and mainly applied in researches that are easily expressed in terms of quantity. Inversely 
qualitative research is concerned with phenomena concerning quality or kind and cannot be 
quantified [21]. As such, qualitative research is primarily important in researches that aim to 
discover reasons influencing human behaviours [20, 21]. This particular type of research is ideal 
in investigating various factors that influence people’s opinions, likes or dislikes etc. This study 
will utilise applied research methodology and techniques through the application of quantitative 
research to answer the study objectives.  
3.3. Study setting 
According to [22] the study setting refers to the environment or place where the study will be 
taking place. The current research takes place within the railway industry specifically in Transnet 
Freight Rail (TFR). The study was limited to TFR employees within the vicinity of Gauteng.     
3.4.  Unit of analysis 
The study collected data from individuals working for the Transnet Freight Rail organisation in 
the railway industry to answer the research questions. 
3.5.  Population and sampling 
According to Kothari, a population represents “all” the subjects or items to be investigated for a 
particular field. Studies that include all the population under the field of inquiry will have the 
highest accuracy. However, this ideal type of studies is not practical and requires significant 
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financial and time investment. According to [18], a deliberate sampling consists of purposefully 
selecting samples that will best represent the population. The use of “simple random sampling” to 
eliminate biasness and ensure equal opportunity for all observed participants [23]. The study will 
adopt deliberate sampling, more precisely judgement sampling. In particular, the study had a total 
population of approximately 1000 TFR employees to sample from.  The selection of sampling is 
based on the following criteria: 
 Individual must be an employee of Transnet  
 Has access to a computer or smartphone device  
 Have access to email service 
 Is willing to be involved in the survey  
Scholars [18] [23] argued that the concern for a survey is the representative of the sample; does 
the sample group have a good depiction of the population or bigger group? 
3.5.1. Sample frame  
Sample frame refers to the list of the target group [18]. The current research used TFR’s global 
email address book to identify potential contact details for the target group.   
3.6. Data Collection method 
Research specifies that data can be acquired from “primary or secondary sources” [18, 22]. Primary 
data is original data sourced for the purpose of the research and never used before, while secondary 
data refers to data that has already been collected and analysed by a third party. Kothari [18] 
identified various types of data collecting techniques namely questionnaires, interviews, 
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observation and archived methods. Table 3 lists all the data collecting techniques and their 
respective advantages and disadvantages [18].  
Table 3: Data collection techniques and their advantages and disadvantages 
Types  Advantage  Disadvantage  
Questionnaires  Minimum cost required 
 High level of anonymity  
 Geographically independent  
 Reaching participants that are 
located far away 
 Administrated electronically   
 Participants can respond without 
influence or biasness  
 Low response rates  
 No interaction to clarify 
questions  
 Frequent follow-ups to non-
responses  
 Participants must have 
access to a laptop and 
internet  
Interviews   Question clarifications is 
possible 
 Use of visual aids if required  
 Observation of nonverbal signals  
 Interview can motivate response  
 Training of interviewers  
 Costs of locating wider 
geographical regions  
 Interviews bias can be 
introduced  
Observations   Reliable data which is free from 
participant’s bias 
 Group observation possible 
 Provision of rich data and 
insights  
 Time consuming  
 Tedious and expensive 
 Observation bias 
Archives   Already existing information  
 Researcher has no influence on 
existing data  
 Contains information 
that is not relevant for a 
particular research  
 Require an abundance 
data cleaning  
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Types  Advantage  Disadvantage  
 A good deal of 
authorising processes  
 
Based on the advantages and disadvantages listed in Table 3, the feature of the questionnaire best 
suits the purpose of the current research. This research utilised online questionnaire-based surveys 
as a means of collecting primary data. The surveys were made available online for easy access for 
the participants. This research favoured survey-based questionnaire method of data collecting due 
to its merits that include [18]. 
 No cost involved.  
 Reaching participants that are located far away.  
 Participants can respond without influence or biasness. 
The substituent section provides the details on the processes and procedures used to develop, 
arrange and implement the survey questionnaires. 
3.6.1. Development of questionnaire  
Questionnaire can be said to be a process of collecting information from a population to answer a 
predetermined topic [20]. Sekaran [22] defines a questionnaire as a predetermined and formulated 
set of questions designed to capture respondent’s answers usually from defined options. The 
questionnaire must be as brief as possible, with every question serving a particular or significant 
purpose. A well-designed questionnaire can highlight people’s attitude, behaviour and thoughts 
[18]. Karanja [19] suggest early identification of population of interest, method of sampling, size 
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of sampling and collection as good departure for a well-designed survey.  Due to their simplicity 
and face validity, survey questionnaire research methods are common for data collection [19].   
Scholars [20, 21] argued that a good questionnaire must demonstrate the connection between 
theory and the questions. To achieve this, this study considered the design of the questionnaires in 
various stages. The first stage involved gathering of information from literature to be included in 
the questionnaire. The second stage involved development of a questionnaire that encompassed 
information from the literature. The third stage was to pilot the survey to a smaller sample group. 
The fourth stage was to administer the main survey to all participants in the sample.  Before 
commencement of the survey, an ethical clearance was obtained from Transnet and permission 
was granted to the researcher to administer the survey.  
The subsequent subsections will highlight the steps undertaken in developing the questionnaire for 
this study.  
3.6.2. Questionnaire design  
The design of the questionnaire entailed three equally important aspects inclusive of: (a) the 
wording of the questions, (b) categorising of variables and (c) overall relevance of the 
questionnaire. According to [18], [19] questionnaires are the heart of the survey, thus must be 
carefully constructed. To ensure success, the questionnaire must be well set-up [19]. When 
formulating the questionnaire for this study, careful consideration was afforded to the overall form, 
sequence, formulation and wording of questions.  
A questionnaire is at its optimal when it highlights the current state of affairs in a given group or 
population [18], [19], [23]. This is defined as descriptive work [18]. Research indicates that 
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successful questionnaires are short and simple to understand. Furthermore, [18] argue that the 
questionnaire must follow a logical sequence moving from the easier questions to much more 
complex questions at the end. The opening questions should not strain the readers memory, not be 
of personal character or indicate one’s wealth or class [18]. The questionnaire developed 
comprised mainly of ranking and Likert scale questions’ (explained in 3.6.4.2) with one open-
ended question.  
Considerable effort was made to ensure that the questions were sufficient to examine the 
participant’s responses with regard to the study objectives. To ensure the efficiency of the 
questionnaire, the following factors where considered for objectives 1 and objective 2:  
c.  What is the awareness of Industry 4.0 within TFR?    
d. What is the perceived impact Industry 4.0 will have on the skills and development of railway 
employees in TFR? 
3.6.2.1.  Objective 1: What is the awareness of Industry 4.0 within TFR?    
To effectively assess the awareness of the Industry 4.0 in TFR this report aims to identify how 
participants understand, interpret and make sense of Industrial 4.0 and its terminology 
The survey questionnaire aims to examine the participant’s awareness through arguments and 
introspect. An argument is a process of using language to prove or explain that a particular claim 
is true based on proven evidence, whilst introspect identifies how the participant’s awareness 
compares to accredited scholars [18]. Literature has proven factual evidence regarding Industry 
4.0 based on accredited sources. The survey questionnaire argued the facts to the participants and 
examined the participants’ responses.  
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3.6.2.2.  Objective 2: What is the perceived impacts Industry 4.0 will have on the skills 
and development of railway employees in TFR? 
To effectively identify the perceived impact on the skills and development of TFR employees, the 
study will firstly identify sets of skills that are deemed necessary by research. Perception is a 
personal process of collecting, understanding and interpreting information while impact can be 
said to be a “strong effect or influence” that a particular intervention has on the outcome [18]. 
Therefore, this paper will examine the participant’s attitude towards Industry 4.0. Furthermore, it 
aims to examine the level of readiness of the employees.   
3.6.3. Type of questionnaire  
Sekaran and Bougie [22] stipulated two distinctive types of questions as open-ended and closed-
ended. Open-ended questions are those that invite participants to respond freely. Closed questions 
allow the participants to select from a set of predetermined answers. This report made use of a 
both closed and open-ended questions. The survey questionnaire consisted of 30 items inclusive 
of one open-ended questionnaire.   
3.6.4. Measurement and Scaling  
3.6.4.1.  Ranking Scales 
Ranking scales make comparisons among “objects, events or persons” [22]. Kothari [18] defines 
measurement as “a process of mapping aspects of a domain onto other aspects of a range according 
to some rule of correspondence”. A scale can be said to be a tool or procedure used to quantify 
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and differentiate the variables of interest.  Research indicates that “nominal data” can be assigned 
to qualitative or descriptive research to represent categorical data as numerical data. Nominal data 
is numerical representations and does not represent ordinary arithmetic, as such cannot be used to 
indicate inequalities, differences or quotients. Interval data and ratio data refers to data that can be 
used for inequalities and differences, while ratio data refers to data that can be used to perform all 
traditional arithmetic. The four mathematical properties stated above represent the four basic 
ranking scales of measurements: (a) Nominal scale, (b) ordinal scale, (c) interval scale and (d) 
ratio scale [18].   
3.6.4.2.  Rating Scales  
Rating scales present and prompt responses from the participants based on several response options 
provided.  Scales that prompt the respondent for a ‘Yes’ or ‘No’ answer are referred to as 
dichotomous scales, whereas scales that prompt a single response from multiple items are referred 
to as category scales. Numerous rating scales commonly used in research include the following 
scales - dichotomous, category semantic differential and Likert scale [22]  
The Likert scale, also referred to as the Summated scale is used to determine the respondent’s 
agreement or disagreement with a statement on a five-point scale (but at times 3 or 7 point scales 
may be used). This scale is ideal to highlight the participant’s favourable or unfavourable attitude 
regarding a particular item, object, people or topic [18, 22].  
3.6.4.3.  Likert and interval scales  
In this paper, a five-degree Likert scale was used to determine the respondent’s agreement or 
disagreement regarding the study objectives. Furthermore, Interval scale was used to examine 
measurements on data collected through survey questions. The Interval scale will not only allow 
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the qualitative distinction and ranking of preferences afforded by the nominal and ordinal scale, 
but it will afford the computation of the means and standard deviations of the participant’s 
responses. 
3.7.  Data Processing and Analysis  
According to [18], process can be said to be the method of “editing, coding, classification and 
tabulation of collected” data for analysis. Editing of the data involves careful examination of the 
data and to ensure accuracy, consistency and completeness. The control of answers or feedback 
through assigning of samples or numerical values is referred to as coding and the arrangement of 
data that indicate similarities and have certain relationships is known as classification. Tabulation 
involves the arrangement of raw data into a logical order to be used in analysis [18] [24] 
Analysis is defined as the identification of relationship patterns using statistical tests on data 
groups. This includes statistically interpreting the processed data to estimate unknown parameters 
of the population and test the objectives or hypothesis. Analysis can be differentiated into 
descriptive and inferential analysis (statistical analysis). Descriptive analysis can be said to be the 
“study of distributions of variables”. This type of study focuses on one or more variables to 
determine the size and shape of distributions [18] [24]. 
3.8. Research limitations  
Data patterning Industry 4.0 is limited and thus the study had to focus on the generation of data 
through survey questionnaires. This was sufficient to fully answer objective 1, however surveys 
alone are not equipped to answer objective 2. The data obtained from the survey only articulates 
the perception of the impact on the skills and development based on the participants’ responses.    
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3.9. Conclusion 
This chapter defined and evaluated research methodology from accredited literature that is relevant 
to answer the research objective. The quantitative research techniques are the ideal research 
methodologies best suited for this study. The study setting is definitely specified to be the railway 
industry with the sampled population defined and based on fixed criteria.    
The study aims to source original data through a survey questionnaire. The survey questionnaire 
consists of 30 elements. The survey questionnaire comprises of ranking and Likert scale questions 
with one open-ended question.  Reliability and frequency analysis were utilised to analyse the 
respondents’ data.      
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4. Chapter 4: Data Presentation and Analysis  
4.1. Introduction  
In the context of Industry 4.0, the South African railway industry is currently considered 
underprepared [2]. The objectives of this study as outlined in preceding chapters are to: (a)  
examine the awareness of Industry 4.0 within TFR railway environment (b) identify the perceived 
impact of Industry 4.0 on the skills and development of TFR railway employees.   
To achieve the study objectives, an online survey questionnaire was conducted and distributed to 
participants through emails. The survey questionnaire comprised of 30 items based on material 
collected from literature. The sample population comprised of 100 deliberately selected 
participants from Transnet Freight Rails (TFR). Out of the 100 TFR employees invited to 
participate, a response rate of 57% was achieved. The purpose of this chapter is to statistically 
present and analyse the data received.   
4.2. Data coding, tabulation and classification  
A statistic is said to be “any quantity whose value can be calculated from sample data”  [25]. 
Research indicates that it is vital to have the correct questions that answer the project objectives as 
the choice of questions directly dictates the type of analysis that can be used. Processing of the 
data received was in accordance to the guidelines stipulated in chapter 3 of this study. The data 
received from the questionnaire was edited to check for correctness, consistency and readiness of 
the data for coding and tabulations. The data was further assigned numbers as a form of coding to 
enable classification of responses into categories. Data was tabulated in a logical order that 
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highlights the respondents. Further descriptive analysis of the data was adopted to measure 
statistical averages and dispersion 
The survey questionnaire was divided into 3 sections with Section A prompting the participant to 
insert their background information. The subsequent two sections (B and C) requested the 
participants to answer the ranking and Linkers scale with one open-ended question. The data 
received from the survey questionnaire was classified into three types of measurements or 
questions listed below: 
 Category questions also referred to nominal: participants select from the list provided for their 
response, male or female  
 Ordinal questions: similar to categorical questions but with dependent and order in  questions 
like their age  
 Continuous questions referred to those that can be answered by a number, rating, frequency 
etc.  
4.3. Section A: Background Information 
This section of the survey questionnaire consisted of categorical questions aimed at eliciting 
personal information from the participants.  The data received from the online questionnaire was 
transferred to a statistical package software (SPSS) to determine the frequencies of respondents.   
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4.3.1. Population and age group analysis  
This subscale of the survey questionnaire prompted the participants to indicate their age from the 
age group provided. From the deliberate sampling population of 100 participants, 61 responses 
were received. Table 4 indicates the age group distribution as per the respondents. Evidently, the 
majority of the respondents (57%) are aged between 25 – 34 years. Notably, the second highest 
respondents with 23% was the 34 – 45 age group. Further analysis of the data indicates that the 
age group 25 – 44 make up 80% of the results. The younger and older generation’s groups 
accounted for 20% of the participants.  
Table 4: Age group distributions 
 
 
4.3.2. Highest level of qualification   
This section of the survey questionnaire encouraged the participants to indicate their highest level 
of qualification. For this particular question, 61 respondents were received. Analysis of the data 
indicated that all the participants had a post matric certificate, a diploma or higher qualification. 
In particular, Table 5 indicates that the majority of the participants had a bachelorette degree and 
a post graduate degree. Evidently, both the bachelorette and post graduate-degree accounted for 
Age Group Frequency Percent Valid Percent
Cumulative 
Percent
18 -24 3 4.9 4.9 4.9
25 - 34 35 57.4 57.4 62.3
35 - 44 14 23.0 23.0 85.2
45 - 54 5 8.2 8.2 93.4
55 and above 4 6.6 6.6 100.0
Total 61 100.0 100.0
Please indicate your age from the age group provided
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80% of the results obtained. This indicated a more knowledgeable sampled population with only 
20% of respondents said to have a post matric certificate or diploma as their highest qualification.     
Table 5: Highest Qualification 
 
 
4.3.3. Railway occupation   
This section of the survey questionnaire prompted the participants to indicate their occupation. 
This question achieved a 61% respondent rate. Evidently 73% of the respondents are engineers, 
chief engineering technicians and senior or junior managers (Table 6). These are individuals that 
will directly be affected by Industry 4.0 and its implications. Notably top management accounted 
for less than 4% of all participants. Furthermore, the results indicated that technicians accounted 
for 24 % of all the respondents.  
Highest Qualification Frequency Percent Valid Percent
Cumulative 
Percent
Post matric certification/diploma 11 18.0 18.6 18.6
Baccalaureate Degree 25 41.0 42.4 61.0
Post graduate degree 23 37.7 39.0 100.0
Total 59 96.7 100.0
Missing 2 3.3
Total 61 100.0
What is the highest level of education you have completed?
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Table 6: Occupational status 
 
The data indicates that the sampled demographics had more than adequate knowledge to answer 
the research questions.   
4.4. Section B: Awareness of Industry 4.0 
This section of the questionnaire aims to request the respondents to indicate their level of 
awareness regarding Industry 4.0. To achieve this, four questions were developed with the aim of 
inviting the respondents to indicate their understanding of Industry 4.0 concepts adopted from 
literature. The questionnaires consisted of a categorical question, a Likert scale question, a ranking 
question and an open-ended question.  
The data received from the online questionnaire was transferred to a statistical software package 
SPSS to perform inferential and descriptive statistic techniques testing such as: test for reliability, 
frequency, central tendency and standard deviations.  
Job Title Frequency Percent Valid Percent
Cumulative 
Percent
Technician 14 23.0 23.7 23.7
Engineer or cheif engineer 
technician
22 36.1 37.3 61.0
Senior or junior manager 21 34.4 35.6 96.6
Principle or Infra manager and 
above
1 1.6 1.7 98.3
Executive manager and above 1 1.6 1.7 100.0
Total 59 96.7 100.0
Missing 2 3.3
Total 61 100.0
What is your current job title?
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4.4.1. Knowledge of Industry 4.0  
 
Figure 3: Awareness of Industry 4.0 
 
Have you heard of Industry 4.0? Question Q1A requested the participants to indicate their 
awareness of Industry 4.0. Frequency analysis indicates that out of the 100 participants, 58 
responses were received. Notably out of the 61 respondents received in section A, three 
respondents skipped this question. The missing data was excluded for further analysis. Statistical 
analysis of the data indicates that 94.8% of the respondents indicated that they have heard of 
Industry 4.0 while 5.2% indicated they have not (Figure 3). The results indicated that the 
percentage of the respondents that have heard of Industry 4.0 is significantly larger than those that 
have not.     
4.4.2. Awareness of the 9 pillars of Industry 4.0  
This section of the survey questionnaire requested the respondents to respond to a Likert scale 
questionnaire regarding the “9 pillars of Industry 4.0”. The respondents were asked to rate their 
95%
5%
Have you ever heard of Industry 4.0?
Yes
No
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level of awareness regarding the 9 pillars deemed the building blocks of Industry 4.0 in the 
literature.  The frequency of respondents as indicated in Table 8 indicated that an average of 57 % 
respondents was received. Evidently, an average of four respondents was missing from the data. 
The missing data was excluded from the analysis.  
Table 7: Frequency of respondents 
 
4.4.2.1. Reliability and validity 
Face Validity 
The survey questionnaire was shared with accredited researchers from the University of 
Johannesburg to provide their comments and opinions in the validity of the scale [18]. Based on 
their comments, the questionnaire was adjusted and modified to measure the intended concept. 
Content Validity 
Reliability and validity analysis were conducted on the survey data received. As such, a 
Cronbach’s analysis was conducted on the “awareness of the 9 pillars of Industry 4.0” subscale of 
the survey questionnaire. It was found that the subscale’s alpha level was .916 which indicated 
that the subscale has a more than adequate level of inter-item reliability. This indicates that all the 
items were measuring the same elements (A1). 
Big data 
analytics
Industrial 
Internet of 
things (IIoT)
Cyber 
Physical 
System 
(CPS)
Autonomou
s Robots Simulation The Cloud
Augmented 
Reality
Additive 
Manufacturi
ng
System 
Integration
Valid 57 57 58 57 57 58 57 58 58
Missing 4 4 3 4 4 3 4 3 3
Statistics
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4.4.2.2. Frequency analysis  
Statistical analysis of the overall data indicated a standard deviation of 0.888 with a mean of 3.82 
as illustrated in Figure 4. Notably, the data appears to be positively skewed to the right indicating 
that the mean is greater than the mode.  
Please indicate your level of awareness regarding the phrase “big data analysis”? Frequency 
analysis indicated that just above a third of the respondents (35.1%) declared themselves to be 
‘definitely aware’, while almost half of the respondents (47.4%) declared themselves ‘somewhat 
aware’ (A.3). The remainder of the respondents indicated that they were ‘neither aware not aware’ 
(8.8%). 
 
  Figure 4: Awareness average score distributions 
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Please indicate your level of awareness regarding the phrase “Industrial Internet of Things 
(IIoT)”? Two thirds of respondents, 36.8 % and 38.6 %, regarded themselves ‘definitely aware’ 
and ‘somewhat aware’ respectively. Furthermore, the minority of the respondents regarded 
themselves ‘somewhat not aware’ or ‘not at all aware’ (A.3).  
Please indicate your level of awareness regarding the phrase “Cyber Physical Systems (CPS)”?  
Just over a quarter of respondents (27.6%) declared themselves ‘neither aware nor not aware’. A 
third of the respondents (34.5) considered themselves ‘somewhat aware’, while a minor 12.1 % 
respondents considered themselves ‘definitely aware’ while 8.6 % regarded themselves ‘not at all 
aware’ (A.3).   
Please indicate your level of awareness regarding the phrase “Autonomous robots”? A significant 
42.1 % and 33.3% of respondents considered themselves ‘definitely aware’ and ‘somewhat aware’. 
The minority (3.5%) declared themselves ‘somewhat aware’ while 8.2% were ‘not at all aware’.   
Please indicate your level of awareness regarding the phrase “Simulation”?  A significant 50.9% 
of the respondents declared themselves ‘definitely aware’ of the phrase “simulation”. Notably 
28.1% regarded themselves ‘somewhat aware’ while the minority declared themselves ‘not aware’ 
(A.3) 
Please indicate your level of awareness regarding the phrase “The cloud”? Frequency analysis 
of this subscale yielded similar results to the simulation subscale. Evidently almost half of the 
respondents indicated that they are ‘definitely aware’ (50.9%) while more than a quarter indicated 
that they are ‘somewhat aware’ (28.1%).   
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Please indicate your level of awareness regarding the phrase “Augmented reality”? This subscale 
indicated that almost half of the respondents are ‘not aware’ of augmented reality (A.3). Evidently, 
14% of the respondents were ‘not at all aware’ while 26.3 % were ‘neither aware nor not aware’.   
Please indicate your level of awareness regarding the phrase “Additive manufacturing”? 
Frequency analysis of this subscale indicated that a total of 49% of respondents were ‘not aware’. 
To be more precise, 20.7% respondents where ‘not at all aware’, while an additional 20.7% of 
respondents were ‘neither aware nor not aware’.  
Please indicate your level of awareness regarding the phrase “System Integration”? A significant 
77.6 % of respondents declared themselves ‘aware’ of system integration. Further analysis 
indicated that only 13.8 % regarded themselves as ‘neither aware nor not aware’ while 5.2% and 
3.4% regarded themselves as ‘somewhat aware’ and ‘not at all aware’ (A.3).  
4.4.3. Technology Ranking   
Which of the following technologies are most important to you, where 1 is most important and 5 
is least important? These elements of the survey questionnaire aimed to examine the participants 
need for technologies related to Industry 4.0. A ranking scale questionnaire was facilitated to the 
participants. The participants were asked to rank 5 technologies based on their importance. The 
weighted rank order method was used to determine the elements’ level of importance.    
Evidently, the respondents indicated their overall most important subscale item to be the smart 
phone, with weighting percentage of 22%. Further analysis indicated that machine learning 
technology, 3D printer and laptop were preferred as 2nd, 3rd and 4th choice respectively (Figure 5). 
Finally block chain technology was judged as the least important technology by the respondents.  
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Figure 5: A graphical representation of the scores 
 
4.4.4.  Open-ended question 
The participants were asked to write, in their own words what Industry 4.0 entails. The question 
received 50% response rates with a total of 50 respondents out of 100 participants. Evidently, 11 
participants omitted this question resulting in missing data. The missing data was omitted from the 
analysis. An open-ended coding process was used to identify common wording. These wordings 
were categorised and coded as illustrated in Table 8.  
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Table 8: Open ended question category and coding 
 
 
Figure 6: Open ended proportions 
 
Analysis of the data revealed “Digitalisation” and “Big data analysis” as the dominant and most 
repeated words with a cumulative proportion score of 36% (Figure 6). Innovation or wording 
related to innovation also appeared frequently with a score of 16%. Further analysis indicated that 
system integration and automation were tied at 14% followed by efficiency at 10% frequency.  The 
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least mentioned words or phrases included “Change”, “Uncertainty” and “The cloud” with the 
latter only appearing once in all the responses.  
 
4.5. Section C: Skills and development  
4.5.1. Skills ranking   
Which of the following skills are most important to you, where 1 is most important and 5 is least 
important?  These elements of the survey questionnaire aimed to determine which skills the 
respondents deem important in the context of Industry 4.0. Analysis of the frequency indicates that 
an average 53 respondents received.  
 
Figure 7: Skills ranking proportions 
 
Statistical evaluation of the responses received revealed that critical thinking as the highest rated 
skill to have in Industry 4.0. Computer programming, agile management and language skills were 
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regarded as 2nd, 3rd and 4th choice by the respondents (Figure 7). Train driver skills was regarded 
as the least important skill.  
 
4.5.2.  Railway Industry Readiness    
This section of the questionnaire was designed to gauge the participant’s awareness regarding their 
readiness and their organisational readiness for Industry 4.0. The respondents were required to 
answer a Likert scale questionnaire with 3 subscale elements. Evidently a total of 57 respondents 
were received for this particular question (B.3).  
4.5.2.1. Frequency analysis  
Statistical analysis of the overall data indicated a standard deviation of .715 with a mean of 3.57 
as illustrated in Figure 8.  
The first subscale aimed to identify the participant’s readiness for Industry 4.0. A total of 71.9% 
of participants regarded themselves ‘ready’ for Industry 4.0 with 31% been ‘definitely ready’ and 
40.4% been ‘somewhat ready’. Frequency analysis revealed that a quarter of respondents declared 
that they were ‘neither ready, nor not ready’, with a minor 3.5% ‘somewhat not ready’ (B.3).  
Statistical analysis of the respondents indicated that a minor 8.8% of participants definitely 
believed that the company they work for is ready for Industry 4.0 (B.3). A further analysis 
indicated that more than half of the participants (56.1%) did not believe that their company was 
ready for the transitioning to Industry 4.0.  
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Figure 8: industrial 4.0 readiness 
 
The final subscale prompted the participants to indicate their beliefs regarding the railway 
industry’s readiness to operate in the realm of Industry 4.0. Statistical analysis indicated that 57.9% 
of the respondent’s believed the industry is ‘ready’ for Industrial 4.0. Notably, 26.3% of 
respondents believed that the railway industry was ‘neither ready,nor not ready’, while a minor 
3% believed it was ‘not at all ready’ (B.3) 
4.5.3. Skill development challenges    
The final section of the questionnaire aimed at eliciting the participant’s observations regarding 
challenges hindering the successful transitioning to Industry 4.0. The participants were asked to 
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indicate their level of agreement on three possible challenges faced by the railway industry in 
embracing Industry 4.0. 
4.5.3.1.  Frequency analysis  
Statistical analysis of the overall data indicated a standard deviation of .79 with a mean of 1.89 
as illustrated in Figure 9. 
Do you agree that “lack of training” is a challenge faced by the railway industry in embracing 
Industry 4.0? The majority of the respondents (80%) ‘agreed’ that lack of training is a challenge 
facing the railway industry. The minority of the respondents (20%) ‘disagreed’ with only 1.8% 
declaring ‘not at all agree’ (B.4) 
 
Figure 9: Industrial .0 skills development challenges score distribution 
50 
 
 
Do you agree that “shortage of skilled resources” is a challenge faced by the railway industry in 
embracing Industry 4.0? Similar to the subsequent subscale, the majority of the respondents (78.2) 
unanimously agreed that shortage of skilled resources is a challenge. Notably only 20% of the 
respondents ‘disagreed’ with 3.3% declaring that they ‘do not at all agree’ (B.4). 
Do you agree that “lack of top management commitment” is a challenge faced by the railway 
industry in embracing Industry 4.0? Frequency analysis of the data indicated that more than half 
of the respondents ‘disagree’. Evidently, only 32.1% of the respondents ‘definitely agree’, while 
only 10.7% of the respondents ‘somewhat agree’.   
4.5.3.2.  Reliability and Validity  
A reliability test analysis was conducted on the data received. As such, a Cronbach’s analysis was 
conducted on the “challenges affecting skills development” subscale of the survey questionnaire. 
The analysis indicated a subscale Cronbach’s alpha of .54, indicating an inadequate level of 
reliability. However, it was further found that deleting any of the subscales will not significantly 
increase the alpha values (B.1) 
Bivariate analysis of the data revealed that neither “occupational status” nor “highest 
qualifications”, r(53) = .018, p = .896 and r(53) = .042, p = .764 respectively were not significantly 
correlated to “challenges affecting skills development ” (B.1). 
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4.6.  Conclusion  
This chapter presented and analysed the data received from the survey questionnaire. Frequent 
analysis revealed an average of 57 % respondent rate for all the questionnaires. Notably, Section 
A of the questionnaire had the highest response rate of 61%. The chapter presented the 
demographics of the respondents inclusive of their age, highest qualification and occupational 
status.  
Descriptive statistic techniques such as frequency analysis, central tendencies, standard deviations 
and reliability tests were conducted on the data. As such, for categorical and ordinal questions, 
frequencies of the responses were determined. Presentation of the results included tabulation, pie 
charts, bar graphs and histograms.  
Inferential statistics were used to determine if the results could have been achieved by change. 
This included the measure of significance or confidence level in the data. Further analysis included 
the correlation to identify the relationship between two continuous type questions  
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5. Chapter 5: Discussions, Recommendations, Study Challenges and 
Limitations  
5.1.  Introduction. 
Karre [8] argued that throughout the three previous industrial revolutions both company structures 
and technologies were enhanced, however the human-worker had little or no advancement. This 
study was prompted by Transnet Freight Rail’s (TFR) necessity to transition from its current 
Market Demand Strategy (MDS) to an Industry 4.0 strategy. The study was facilitated to TFR 
employees to examine and identify the perception and perceived impact of Industry 4.0 on the 
South African Railway Industry. The study is an essential step to understanding human insight, 
identifying any misconceptions and reducing human-technology myths regarding Industry 4.0 
within the railways industry.  Furthermore, this study will add knowledge on the existing research 
regarding the current human perception and their role in Industry 4.0.       
 A thorough literature review indicated that there is not enough knowledge regarding the impact 
of Industry 4.0 on the railway industry and its human-worker. Literature review identified all 
factors that drive the Industry 4.0 inclusive of (1) the rise in data, (2) computational power, (3) 
business-intelligence and (4) emerging systems of human-machine interaction. Sung [3] argued 
that Industry 4.0 embraces all these factors through its 9 pillars. 
 Furthermore, literature identified the South African manufacturing industry as underprepared with 
the potential of advancing or the risk of slipping. To avoid slipping, [2] argued that South Africa 
improve its weaknesses which includes lack of skilled labour. The literature continued to list and 
identify hard and soft skills that are essential for the human-work force in Industry 4.0.  
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The insights and philosophies of the literature review were used to design a survey questionnaire 
aimed at soliciting participants to give honest feedback. This study measured and identified the 
study settings, unit of analysis and the sampled population. The study utilised quantitative research 
techniques as the primary research methodology to collect data. A survey questionnaire was 
utilised due to its advantages such as minimum cost requirement, high level of anonymity, 
geographical independence and its ability to be administrated electronically [18].  
The survey questionnaire was facilitated to a 100 TFR employees on an online survey platform. 
The survey achieved on average 57% respondent rate.  The survey questionnaire was divided into 
three sections with ten questions ranging from categorical, open-ended, ranking and Likert scale 
questionnaire. Various descriptive statistic techniques were conducted to analyse the data. 
Furthermore, inferential statistic techniques such as reliability and validity, correlation and 
measure of significance were conducted.  
This section of the paper will discuss the descriptive findings described in the previous chapter. 
The majority of participants were experienced TFR employees with some understanding of what 
Industry 4.0 entails. Thus, this chapter aims at presenting the findings, conclusions, implications 
and recommendations in the order given.  
5.2. Discussion  
Statistical evaluation of the study sample indicated that Section A of the survey question achieved 
61% respondent rate. Notably this was the highest rate of the three sections in the survey 
questionnaire. A detailed analysis of the data revealed that the majority of the respondents are aged 
between 25–34 and have obtained a bachelorette and/or a post graduate degree. Furthermore, the 
bulk of the respondents are engineers, chief engineering technicians and senior or junior managers. 
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Evidently the majority of the participants are young adults with qualifications and skills to operate 
effectively in the current TFR strategies.  
Further analysis of the demographics of the population revealed that only 4% of the respondents 
are top management or executives. These are individuals tasked with not only drafting the change 
but also leading the transitioning to Industry 4.0.  
5.2.1. Section B  
Question Q1B of the questionnaire related to awareness of the term Industry 4.0. Overall, the 
findings indicate that 94.8% of the respondents have “heard” of Industry 4.0. This is a positive 
result indicating that the Industry 4.0 message has reached the majority of the respondents. 
However, though the results are encouraging, the mere fact of have heard of Industry 4.0 does not 
translate into an in-depth knowledge and readiness of Industry 4.0.  
Literature identified “9 pillars of Industry 4.0” as the building-blocks to evolve from the current 
strategies to a “fully integrated, automated and optimised production flow”  [7] [9] [17]. 
Awareness of these building-blocks by human-worker will enable the integration of the 9 pillars 
into a whole system in the railway industry.   
Question Q2B of the questionnaire related to the respondents’ level of awareness regarding the 9 
pillars of Industry 4.0.  The findings indicated that the respondents reached a mean and standard 
deviation of 3.82 and .88 respectively. Furthermore a 95% confidence interval analysis revealed a 
lower and upper values of 3.58 and 4.05 respectively (A.1). What had emerged is that the majority 
of the respondents consider themselves ‘aware’ of Industry 4.0. However, it is worth discussing 
that “Cyber Physical System (CPS)” and “additive manufacturing” fell among the least understood 
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concepts of Industry 4.0. Krugh [10] highlighted that Industry 4.0 will give rise to CPS as 
manufacturing transition from plug and play level to self-configuration levels. Matyla [17] argued 
that people have little knowledge regarding “mixed reality”. In this regard, it is clear that the 
concepts of uniting human capabilities with new technologies (Cyber-Human-Systems) is not yet 
fully understood. 
Question Q3B of section B gave a glimpse into the respondent’s preferred digital habits. Matyla 
[17] identified a change in the digital habits as more individuals spend more time on the internet 
and their smart devices. The primary results of this section indicated rather interesting results. The 
results highlighted smart phones as the most favourable technology, while laptops were considered 
fourth most favourable by the respondents; this is in line with the literature as discussed in [17].  
New and emerging technologies such as machine learning technologies and 3D printers were 
considered 2nd and 3rd respectively. This question in particular highlights the respondents’ 
willingness to learn and use new and emerging technologies. However, blockchain technology, a 
new and emerging technology was regarded as the least important, contradicting the results.      
Question Q4B reported some significant data regarding the respondent’s own perception of 
Industry 4.0. The question, as previously stated, was an open-ended questionnaire. Notably the 
results indicated that four of the categorised words are said to be within the 9 pillars of Industry 
4.0. These included “big data analysis, system integration, automation and the cloud” This 
correlated to Q1B as the respondents highlights their level of awareness with these concepts. 
However, these were not the majority of respondents. The data indicated “Digitalisation”, “Big 
data analysis” and “innovation” as the dominant and most repeated phrases or words. This 
indicated respondents understood Industry 4.0 as a means of digitalising data and leveraging the 
digitalised data through innovation to improve the railway industry. Other responses that were 
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captured include efficiency and change. However, Cyber-Human-Systems and Cyber-Physical-
System were not at all mentioned. As such, the respondents indicated little or no knowledge of the 
human role in Industry 4.0.  
5.2.2. Section C 
Question Q1C illustrated the technical and interpersonal skills that the respondents regard as very 
important in the context of Industry 4.0. What emerged from the analysis is that the respondents 
consider “critical thinking skills” and “computer programing skills” as the two most significant 
skills to acquire. It is interesting to note that the respondents identified interpersonal skills, 
followed by technical skills as prominent skills to achieve the required competency. Furthermore, 
respondents considered “train driver skills” as the least important skills to acquire. Notably this is 
consistent with the research. [10] argued that interpersonal skills are a necessity for humans to 
operate at cognitive and configuration levels. Furthermore, research indicates that interpersonal 
skills and advanced technical skills are more difficult to replace. In contrast, routine job activities 
such as train driver, are most likely to be computerised [7] [10] [11] [13].  
Question Q2C provided an indication of the level of readiness that the respondents consider 
themselves and the railway industry to be in. In particular, Q2C indicated that the majority of the 
participants regard themselves and the railway industry to be ready for Industry 4.0. In contrast, 
the respondents did not believe the company they worked for (TFR) is ready for Industry 4.0. It is 
noteworthy to highlight that the demographics indicated the majority of the respondents as skilled 
and educated young adults. Furthermore, Q3B further indicated that the majority of the 
respondents are willing to learn and adopt new and emerging technologies.  
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Question Q3C provided an idea to which challenges are hindering the embracement of Industry 
4.0. The data indicated that the majority of respondents unanimously considered “lack of training” 
and “shortage of skilled labor” as challenges faced by the railway industry. These findings 
correlate to the research, as Kunze [2] highlighted shortage of skilled labour as a weakness in 
South Africa. 
5.3. Recommendations  
The examination and analysis of the research objectives revealed various areas which require 
further investigation. Thus, the following recommendations are made for future research:   
 This study was an exploratory study focused at examining the study objectives. Further 
statistical analysis is necessary. In particular, more research is required to determine the single 
and multifactor analysis (ANOVA), correlation analysis and the Friedman Test. Further 
statistical tests not included can be considered when necessary.    
 The results indicate that the participants are not aware of Cyber Physical Systems (CPS). 
Researchers argued that the human role within the Industry 4.0 and its intelligent CPS is not 
clearly defined [10]. Further studies are required to investigate the integration of humans into 
CPS. In particular, research focus on Cyber Human System in the railway industry is 
recommended.   
 Literature review indicated that there is knowledge to suggest the displacement of skilled 
employees in railways to automated and IT-controlled processes. Further studies are required 
to examine this statement within the TFR environment.   
 This study was limited to a sample population of 100 participants with a respondent rate of 
57%. The study was geographically limited to TFR employees in the vicinity of Gauteng. 
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Furthermore, individuals without access to internet or emails were excluded from the 
investigation. Thus, further studies that aim to include TFR population census should be 
conducted. In addition further studies should be conducted to identify percentage of employees 
with internet access within the organization.  
 This study was based on the limited sources available at the time. Further studies should be 
conducted to include more recent and accredited international sources to identify the 
application of emerging technologies and tools of Industry 4.0 within the railway industry. 
 
 
5.4. Study Challenges and Limitations   
The following are the challenges/limitations encountered in this study  
 The study was limited to Transnet Freight Rail (TFR) employees with access to internet 
facilities. Thus, due to this limitation, the sampled population is not a true reflection of the 
companied demographics. The majority of TFR employees who have no internet access are 
individuals skilled on every day routine jobs. (Gauteng)   
 There is not enough existing research on the awareness of Industry 4.0 on the South African 
Railway industry. In particular, little to no research exists on the impact that Industry 4.0 will 
have on the human-worker in the railway industry.  
5.5. Conclusion  
The purpose of this study was to: (a) examine the awareness of Industry 4.0 within the TFR railway 
environment and (b) identify the perceived impact of Industry 4.0 on the skills and development 
of TFR railway employees. To achieve the study objectives, an online survey was administrated 
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to a 100 TFR employees. The design and content of the survey was based on information gathered 
from accredited publications. Statistical analysis of the data indicated that the majority of the 
respondents are aware of Industry 4.0. The study results revealed that TFR employees have little 
to no knowledge regarding complex Industrial 4.0 concepts such as “Cyber Physical Systems, 
Cyber Human System, additive manufacturing and augmented reality”   
The results of this study suggest that the respondents consider interpersonal skills and a technical 
skill as prominent skills to achieve the required competency for Industry 4.0. Furthermore, the 
results showed that the respondents have a positive attitude towards Industry 4.0. In particular, 
the results indicate that the respondents consider themselves and the railway industry ready for 
Industry 4.0. However, the TFR was not considered to be ready for Industry 4.0. Further analysis 
suggests a shortage of skilled labour as a challenge hindering the embracement of Industry 4.0.     
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Annexure A: Awareness of Industry 4.0  
A.1. confidence interval  
 
 
A.2. Reliability and Validity  
Industry 4.0 Cronbach’s Alpha results  
 
 
 
Statistic Std. Error
3.8168 0.11696
Lower Bound 3.5825
Upper Bound 4.0511
3.8715
4.1111
0.780
0.88304
1.44
5.00
3.56
1.06
-1.057 0.316
0.487 0.623
Mean
95% Confidence Interval 
for Mean
5% Trimmed Mean
Median
Variance
Std. Deviation
Minimum
Maximum
Range
Interquartile Range
Skewness
Kurtosis
Descriptives
Cronbach's Alpha
Cronbach's Alpha Based 
on Standardized Items N of Items
0.916 0.917 9
Reliability Statistics
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A.3. Frequencies analysis 
 
 
 
 
Big data 
analytics
Industrial 
Internet of 
things (IIoT)
Cyber 
Physical 
System 
(CPS)
Autonomou
s Robots Simulation The Cloud
Augmented 
Reality
Additive 
Manufacturi
ng
System 
Integration
Valid 57 57 58 57 57 58 57 58 58
Missing 4 4 3 4 4 3 4 3 3
Statistics
Frequency Percent Valid Percent
Cumulative 
Percent
Definitely Aware 20 32.8 35.1 35.1
Somewhat Aware 27 44.3 47.4 82.5
Neither Aware nor not Aware 5 8.2 8.8 91.2
Somewhat Not aware 1 1.6 1.8 93.0
Not at all aware 4 6.6 7.0 100.0
Total 57 93.4 100.0
Big data analytics
Frequency Percent Valid Percent
Cumulative 
Percent
Definitely Aware 21 34.4 36.8 36.8
Somewhat Aware 22 36.1 38.6 75.4
Neither Aware nor not Aware 6 9.8 10.5 86.0
Somewhat Not aware 5 8.2 8.8 94.7
Not at all aware 3 4.9 5.3 100.0
Total 57 93.4 100.0
Industrial Internet of things (IIoT)
Frequency Percent Valid Percent
Cumulative 
Percent
Definitely Aware 7 11.5 12.1 12.1
Somewhat Aware 20 32.8 34.5 46.6
Neither Aware nor not Aware 16 26.2 27.6 74.1
Somewhat Not aware 10 16.4 17.2 91.4
Not at all aware 5 8.2 8.6 100.0
Total 58 95.1 100.0
Cyber Physical System (CPS)
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Frequency Percent Valid Percent
Cumulative 
Percent
Definitely Aware 24 39.3 42.1 42.1
Somewhat Aware 19 31.1 33.3 75.4
Neither Aware nor not Aware 7 11.5 12.3 87.7
Somewhat Not aware 2 3.3 3.5 91.2
Not at all aware 5 8.2 8.8 100.0
Total 57 93.4 100.0
Autonomous Robots
Frequency Percent Valid Percent
Cumulative 
Percent
Definitely Aware 29 47.5 50.9 50.9
Somewhat Aware 16 26.2 28.1 78.9
Neither Aware nor not Aware 8 13.1 14.0 93.0
Somewhat Not aware 4 6.6 7.0 100.0
Total 57 93.4 100.0
Simulation
Frequency Percent Valid Percent
Cumulative 
Percent
Definitely Aware 28 45.9 48.3 48.3
Somewhat Aware 17 27.9 29.3 77.6
Neither Aware nor not Aware 10 16.4 17.2 94.8
Somewhat Not aware 2 3.3 3.4 98.3
Not at all aware 1 1.6 1.7 100.0
Total 58 95.1 100.0
The Cloud
Frequency Percent Valid Percent
Cumulative 
Percent
Definitely Aware 15 24.6 26.3 26.3
Somewhat Aware 17 27.9 29.8 56.1
Neither Aware nor not Aware 15 24.6 26.3 82.5
Somewhat Not aware 2 3.3 3.5 86.0
Not at all aware 8 13.1 14.0 100.0
Total 57 93.4 100.0
Augmented Reality
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A.4. Technology ranking Frequency analysis results 
 
 
 
Frequency Percent Valid Percent
Cumulative 
Percent
Definitely Aware 6 9.8 10.3 10.3
Somewhat Aware 24 39.3 41.4 51.7
Neither Aware nor not Aware 12 19.7 20.7 72.4
Somewhat Not aware 4 6.6 6.9 79.3
Not at all aware 12 19.7 20.7 100.0
Total 58 95.1 100.0
Additive Manufacturing
Frequency Percent Valid Percent
Cumulative 
Percent
Definitely Aware 27 44.3 46.6 46.6
Somewhat Aware 18 29.5 31.0 77.6
Neither Aware nor not Aware 8 13.1 13.8 91.4
Somewhat Not aware 3 4.9 5.2 96.6
Not at all aware 2 3.3 3.4 100.0
Total 58 95.1 100.0
System Integration
Technology Rank 1 Rank 2 Rank 3 Rank 4 Rank 5
Smart phone 22 7 6 4 11
Lap top 6 22 5 8 10
3D printer 7 13 16 9 7
Blockchain technology 7 5 11 14 13
Machine learning technology 11 6 14 15 10
Frequency Percent Valid Percent
Cumulative 
Percent
Most Important 22 36.1 44.0 44.0
2nd choice 7 11.5 14.0 58.0
3rd choice 6 9.8 12.0 70.0
4th choice 4 6.6 8.0 78.0
Least Important 11 18.0 22.0 100.0
Total 50 82.0 100.0
Smart Phone
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Frequency Percent Valid Percent
Cumulative 
Percent
Most Important 6 9.8 11.8 11.8
2nd choice 22 36.1 43.1 54.9
3rd choice 5 8.2 9.8 64.7
4th choice 8 13.1 15.7 80.4
Least Important 10 16.4 19.6 100.0
Total 51 83.6 100.0
Laptop
Frequency Percent Valid Percent
Cumulative 
Percent
Most Important 7 11.5 13.5 13.5
2nd choice 13 21.3 25.0 38.5
3rd choice 16 26.2 30.8 69.2
4th choice 9 14.8 17.3 86.5
Least Important 7 11.5 13.5 100.0
Total 52 85.2 100.0
3D Printer
Frequency Percent Valid Percent
Cumulative 
Percent
Most Important 7 11.5 14.0 14.0
2nd choice 5 8.2 10.0 24.0
3rd choice 11 18.0 22.0 46.0
4th choice 14 23.0 28.0 74.0
Least Important 13 21.3 26.0 100.0
Total 50 82.0 100.0
Blockchain Technology
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A.5. Open ended coding  
 
  
Frequency Percent Valid Percent
Cumulative 
Percent
Most Important 11 18.0 19.6 19.6
2nd choice 6 9.8 10.7 30.4
3rd choice 14 23.0 25.0 55.4
4th choice 15 24.6 26.8 82.1
Least Important 10 16.4 17.9 100.0
Total 56 91.8 100.0
Machine Learning Technology
Code gatergory Frequency Proportions Cumulative 
Digitalisation 9 18% 18%
Big data analysis 9 18% 36%
Innovation 8 16% 52%
Systems integration 7 14% 66%
Atomisation 7 14% 80%
Efficiency 5 10% 90%
Change 2 4% 94%
Uncertain 2 4% 98%
The cloud 1 2% 100%
Coded
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Annexure B: Skills and development   
B.1. Reliability and Validity  
Railway industry readiness Cronbach’s Alpha results  
 
 
B.1. Skills ranking frequencies  
 
 
 
Cronbach's Alpha
Cronbach's Alpha Based 
on Standardized Items N of Items
0,610 0,598 3
Reliability Statistics
Technology Rank 1 Rank 2 Rank 3 Rank 4 Rank 5
Critical thinking skills 20 13 4 4 6
Computer programming skills 12 5 22 8 8
Agile management skills 7 20 9 6 4
Language skills 2 10 8 23 3
Train driving skills 9 2 4 5 27
Frequency Percent Valid Percent Cumulative Percent
Most Important 9 14.8 19.1 19.1
2nd choice 2 3.3 4.3 23.4
3rd choice 4 6.6 8.5 31.9
4th choice 5 8.2 10.6 42.6
Least Important 27 44.3 57.4 100.0
Total 47 77.0 100.0
Train driving skills
Frequency Percent Valid Percent Cumulative Percent
Most Important 2 3.3 4.3 4.3
2nd choice 10 16.4 21.7 26.1
3rd choice 8 13.1 17.4 43.5
4th choice 23 37.7 50.0 93.5
Least Important 3 4.9 6.5 100.0
Total 46 75.4 100.0
Critical thinking skills
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Frequency Percent Valid Percent Cumulative Percent
Most Important 20 32.8 42.6 42.6
2nd choice 13 21.3 27.7 70.2
3rd choice 4 6.6 8.5 78.7
4th choice 4 6.6 8.5 87.2
Least Important 6 9.8 12.8 100.0
Total 47 77.0 100.0
Language skills
Frequency Percent Valid Percent
Cumulative 
Percent
Most Important 7 11.5 15.2 15.2
2nd choice 20 32.8 43.5 58.7
3rd choice 9 14.8 19.6 78.3
4th choice 6 9.8 13.0 91.3
Least Important 4 6.6 8.7 100.0
Total 46 75.4 100.0
Agile management skills
Frequency Percent Valid Percent
Cumulative 
Percent
Most Important 12 19.7 21.8 21.8
2nd choice 5 8.2 9.1 30.9
3rd choice 22 36.1 40.0 70.9
4th choice 8 13.1 14.5 85.5
Least Important 8 13.1 14.5 100.0
Total 55 90.2 100.0
Computer programming skills
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B.3. Railway readiness frequency analysis 
 
 
 
 
 
Frequency Percent Valid Percent
Cumulative 
Percent
Strongly Agree 18 29.5 31.6 31.6
Somewhat Agree 23 37.7 40.4 71.9
Neither Agree nor not Agree 14 23.0 24.6 96.5
Somewhat Not agree 2 3.3 3.5 100.0
Total 57 93.4 100.0
I am ready for Industry 4.0
Frequency Percent Valid Percent
Cumulative 
Percent
Strongly Agree 5 8.2 8.8 8.8
Somewhat Agree 20 32.8 35.1 43.9
Neither Agree nor not Agree 18 29.5 31.6 75.4
Somewhat Not agree 12 19.7 21.1 96.5
Not at all agree 2 3.3 3.5 100.0
Total 57 93.4 100.0
The company I work for is ready for Industry 4.0
Frequency Percent Valid Percent
Cumulative 
Percent
Strongly Agree 6 9.8 10.5 10.5
Somewhat Agree 27 44.3 47.4 57.9
Neither Agree nor not Agree 15 24.6 26.3 84.2
Somewhat Not agree 6 9.8 10.5 94.7
Not at all agree 3 4.9 5.3 100.0
Total 57 93.4 100.0
The Railway Industry is ready for Industry 4.0
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B.4. Railway challenges frequency analysis 
 
 
 
 
 
 
 
Frequency Percent Valid Percent
Cumulative 
Percent
Strongly Agree 39 63.9 70.9 70.9
Somewhat Agree 5 8.2 9.1 80.0
Neither Agree nor not Agree 8 13.1 14.5 94.5
Somewhat Not agree 2 3.3 3.6 98.2
Not at all agree 1 1.6 1.8 100.0
Total 55 90.2 100.0
Lack of training
Frequency Percent Valid Percent
Cumulative 
Percent
Strongly Agree 37 60.7 67.3 67.3
Somewhat Agree 6 9.8 10.9 78.2
Neither Agree nor not Agree 7 11.5 12.7 90.9
Somewhat Not agree 3 4.9 5.5 96.4
Not at all agree 2 3.3 3.6 100.0
Total 55 90.2 100.0
Shortage of skilled resources
Frequency Percent Valid Percent
Cumulative 
Percent
Strongly Agree 18 29.5 32.1 32.1
Somewhat Agree 6 9.8 10.7 42.9
Neither Agree nor not Agree 20 32.8 35.7 78.6
Somewhat Not agree 12 19.7 21.4 100.0
Total 56 91.8 100.0
Lack of top management commitment
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Annexure C: Survey Questionnaire   
SURVEY ON THE IMPACT OF INDUSTRY 4.0 ON THE SOUTH AFRICAN 
RAILWAY INDUSTRY: THE CASE STUDY OF TRANSNET FREIGHT RAIL.   
Introduction 
This survey is part of a study focused on the perceived impact of Industry 4.0 on the South African 
Railway Industry. The primary objective of the survey is to examine the awareness and level 
perceived impact on the skills and development of TFR employees. The author is fully aware of 
the sensitivity of the questions, thus please note the information obtained is for research purpose 
only. Furthermore all participant’s identity shall remain anonymous and no effort will be made to 
identify any individual. Your participation is highly appreciated.  
 
Section A: Background Information  
This section of the questionnaire will enable the author to cross-tabulate and compare groups of 
participants.  
Q1A: Please indicate your age from the age group provided  
 
18 -25 1 
25 - 35 2 
35 - 45 3 
45 - 55 4 
55’ and above 5 
 
Q2A: Please specify your highest educational qualification  
Grade 11 (std 9) or Lower 1 
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Grade 12 (Matric, std 10) 2 
Post Matrci Certificate or 
Diploma 
3 
Baccalaureate Degree 4 
Post Graduate Degree 5 
 
Q3A:  Please describe your current Job tittle  
Technician 1 
Engineer or Chief Engineering Technician 2 
Senior/Junior Manager 3 
Principle/Infra Manager and above 4 
Executive Manager and above 5 
 
 
Section B: Awareness of Industry 4.0  
Q1B: Have you ever heard of Industry 4.0 before? 
Yes 1 
No 2 
 
Q2B: lease indicate your level of understanding regarding the following aspects related to Industry 
4.0 by completing the following scale questionnaire 
Statement   
Definitely 
Aware   
Somewhat 
Aware 
Neither 
Aware nor 
not Aware 
Somewhat 
Not aware   
Not at all 
aware  
Big Data and Analytics 
          
Internet of Things   
          
Cyber Physical Systems  
          
Autonomous Robots  
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Simulation 
          
The Cloud  
          
Augmented Reality  
     
Additive Manufacturing 
     
System Integration  
     
 
Q3B: Please rank the following in order of importance from 1 – 5; where 1 is most important and 
5 is list import to you.  
Smart Phone   
Laptop  
3D Printer  
Blockchain Technology  
Machine Learning Technology  
 
Q4B: In your opinion, what does Industry 4.0 entails?  
 
 
 
Section C: Skills and development  
This section deals with your opinion on the impact of Industry 4.0 on the skills and development 
in the railway industry.  
Q1C: Please rank the following skills in order of importance from 1 – 5; where 1 is most important 
and 5 is list import to you.  
Language skills   
Critical thinking skills    
Computer programing skills   
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Agile management skills   
Train driving skills   
 
Q2C: Please indicate your level of readiness for industry 4.0.    
Level of readiness   Strongly 
Disagree 
Somewhat 
Agree  
Neither 
Disagree 
nor Agree  
Somewhat 
Disagree  
Strongly 
Disagree 
I am ready for Industry 4.0  
     
The company I work for is ready for 
Industry 4.0  
     
My Industry is ready for Industry 4.0 
     
 
 
Q3C: Please Indicate your degree of agreement regarding challenges faced by the Railway 
Industry in embracing Industry 4.0    
Statement Strongly 
Disagree 
Somewhat 
Agree  
Neither 
Disagree 
nor 
Agree  
Somewhat 
Disagree  
Strongly 
Disagree 
Lack of training   
     
Shortage of skilled resources    
     
Lack of top management 
commitment  
     
 
 
 
 
 
 
 
